Joint action and biochemical alteration in the 4 th instar larvae of a laboratory strain of cotton leafworm, Spodoptera littoralis (Boisd.), were evaluated under the laboratory condition against four insecticides from different groups namely: chlorpyrifos, chlorfluazuron, emamectin benzoate, pyrethrins. The toxicity effect for each single compound and binary mixture at levels 1:1, 1:2: and 2:1 from LC 25 were evaluated. The study indicated that emamectin benzoate followed by chlorfluazuron proved to be the most effective compounds among all tested insecticides. The highest initial effect (76.66%) was obtained by mixing chlorpyrifos: chlorfluazuron at level 1:2, respectively. while the lowest initial effect (3.33%) was obtained as a result of mixing emamectin benzoate with pyrethrins at level 1:2, respectively, the same effect occurred with chlorpyrifos: pyrethrins at level 1:1. Changing in enzymatic activities as responses of treatment with mixtures at LC 25 of all tested compounds, except for pyrethrins was studied at the recommended concentration, after 1and 3 days post treatment. Our study noticed that mixing of pesticides caused antagonism effect except chlorpyrifos plus pyrethrins at the ratio 2:1 caused potentiation effect. Under the effect of the tested insecticides the data showed increasing in total soluble protein and total lipids contents, reduction in carbohydrate hydrolyzing enzymes (amylase, invertase and trehalase), increasing in transaminase enzymes (AST and ALT) and reduction in phosphatase enzymes (ACP and ALP) activities .Our data recommend not to mix these insecticides due to the antagonistic effect.
INTRODUCTION
Cotton leafworm Spodoptera littoralis (Boisd.) is one of the most damaging phytophagous insect pests in Egypt, larvae of this pest can attack not only to cotton but also to other field crops and vegetables and the devolpment and growth rate has strong nutritional relations (Abd El-Mageed and Shalaby, 2011; Metayi et al., 2015) .
Because of extensively use of chemical insecticides during the last few years, Egypt is facing a big problem from the resistance devolpment in cotton leafworm (El-Bermawy et al., 1992; Rashwan et al., 1992) .
Find alternative ways to solve the problem of resistance in future had led to investigating it in mixtures, to improve their performance and elongate their life as effective control measures. Insecticeds mixtures involve combinations of two or more are broadly used to deal with a range of arthropod pests in greenhouse and open fields. Moreover, the use of pesticide mixtures may lead to synergism or potentiation and the reduction of resistance (Tabashnik, 1989 and Ahmad, 2009 ).
Mixing of chemicals of different mode of action induce the potent use of toxicants (synergism) which could hypothetically prevent or interruption the emergence of resistant strains. In this regard, it was reported that organophosphates synergize/pyrethroids against several pests, i.e., S. littoralis (Temerak, 2002 and Ascher et al., 1986) , also, synergism was acquired by combinations of IGRs and traditional insecticides (El-Guindy et al., 1985; Radwan et al., 2009 and Kandil et al., 2006) .
However, antagonism may also happen because of mixing two (or more) pesticides together. Care should be taken when integrated pesticide mixtures with biological control agents is especially important because parasitoids and predators can suppress arthropod pest populations irrespective of the arthropod pests' resistance traits or mechanisms (Tabashnik, 1986 and Ascher et al., 1986) .
Though, the present investigation aimed to study and characterize the joint action between four insecticides from different groups namely: chlorfluazuron, emamectin benzoate and pyrethrins compared to one of the most known organophosphorous compound (chlorpyrifos) as a chemical insecticide, when tested against the 4 th instar larvae of the cotton leafworm S. littoralis (Biosd.). The formulated samples of the tested insecticides were obtained from Plant Protection Research Institute (PPRI), Agricultural Research Centre (ARC), Dokki, Giza.
MATERIALS AND METHODS

2-Test insects:
A susceptible strain of S. littoralis (Boisd.) was obtained from Agricultural Research Centre (ARC), Dokki, Giza. Tested insects were reared and tested under constant conditions 26±1°C and 65±5% RH. and photoperiod 12:12 L: D as described by El-Defrawi, et al. (1964) . The experiments were carried out in the Laboratory of Biological Control, Plant Protection Research Institute, Sharkia Branch.
-LC values determination for the tested compounds
For assessing the toxicity of each insecticide either separately or in binary mixtures, stock solution of each insecticide alone or mixture of two compounds were prepared fresh daily based on active ingredient (w/v). Six deffrent concentrations for each compound were prepared freshly form stock concentration. The selected concentrations of each compound caused mortality from 20-80%.
Leaf dipping technique was used to estimate the larvaicidal action of the tested insecticides and joint action against one-day-old 4 th instar larvae of S. littoralis. Each concentration was replicated three times, each replicate contained 10 lravae. Control experiments involved using leaf disks dipped in water. This trial was carried out in the incubator at 26±1ºC and 65±5% RH. Larval mortality was scored: if no movement was observed, larvae were considered as dead after 24 hr. for chlorpyrifos and 72 hr. for the remaining insecticides.
Mortality counts were recorded; LC 50 , LC 90 , slope, toxicity index and relative potency values were calculated.
Toxicity index (T.I.) was determined by using Sun's equation (1950) Relative potency (R.P.) values were measured according to the method described by Zidan and Abdel-Megeed (1988) .
LC50 or LC90 of the lowest efficient compound
Relative potency (fold) = ‫ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬
LC50 or LC90 of the other compound
The joint action between tested insecticides at LC25 were prepared by mixing two insecticides in each combination with each other at three rates namely; LC25 of both insecticides (1:1), LC25 of one toxicant plus double of the LC25 of the LC25 of the other toxicant (1:2) and the reverse of the latter case (2:1) except for pyrethrins which used at recommended rate. At the same time samples of survived larvae were taken to determine the total soluble protein, total lipids, activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), carbohydrate hydrolyzing enzymes and phosphatase enzymes (ALP & ACP) after 1 and 3 days of treatment.
4-Biochemical assay. Samples Preparation for biochemical assay:
Larval samples used for biochemical assays were collected at 1 and 3 days post treatment of the 4 th instar larvae during the joint action trials. Untreated larvae were used as control. Samples were homogenized in distilled water (50mg/ml) using chilled glass Teflon homogenizer. Homogenates centrifuged at 5000rpm for 20 min. at 5ᵒC in a refrigerated centrifuge. The deposits were discarded and the supernatants were kept in a deep freezer at -20 ºC till used to determine the total soluble protein, the activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT), carbohydrate hydrolyzing enzymes (invertase, trehalase and amylase) and phosphatase enzymes (ALP & ACP).
Colorimetric determination
Total soluble protein in supernatants of homogenate treated larvae of S. littoralis were carried out as described by Gornall, et al. (1949) , The total lipids estimated with the method of Schmit (1964) , Aspartate aminotransferase (AST) and Alanine aminotransferase (ALT) were determined colorimetrically according to the method of Reitman and Frankle (1957) . The method used to determine the digestion of trehalose, starch and sucrose by trehalase (EC 3.2.1.28), amylase (EC 3.2.1.1) and invertase (EC 3.2.1.26) enzymes respectively, were similar to those described by Ishaaya and Swiriski (1976) , acid phosphatase (EC 3.1.3.2) and alkaline phosphatase (EC 3.1.3.1) were accomplished by using P-nitrophenyl phosphate as a reaction substrate (Guilabault, 1970) .
5-Statistical analysis:
All the obtained data were statistically analyzed according to (Tukey's HSD 1949) . Data were subjected to statistical analyses using a software package Costat ® Statistical Software (2005).
RESULTS AND DISCUSSION
Tested compounds LC values
The toxic effects were listed after 72 hr. for all treatments except chlorpyrifos was listed after 24 hr. due to its mode of action. Data given in Table ( 1) show that the order of efficiency of the tested insecticides against 4 th instar larvae was the same at both the LC 50 and LC 90 levels. At the both mentioned levels, emamectin benzoate was the most potent insecticide, whereas, chlorpyrifos was the least effective one. The insecticide chlorfluazuron occupied an intermediate position. Korrat, et al. (2012) found that emamectin benzoate was the most effective insecticide (LC 50 =0.017 ppm) among all tested insecticides (chlorfluazuron, profenfos and spinosad). It seems always convenient to consider the efficiency or the degree of toxicity of different insecticides by comparing them with a standard compound. To achieve this, both the toxicity index method developed by Sun (1950) , and the potency levels method (Zidan and Abdel-Megeed, 1988) , frequently used in this respect were employed. Therefore, emamectin benzoate and chlorpyrifos were considered the standars chemicals in calculating the toxicity index and potency levels, respectively.
Both of the toxicity index and potency levels data for the tested instars of S. littoralis at LC50 and LC90 levels are presented in Table ( 1). The results obtained revealed the general similarity in the trend of both the toxicity index and number of folds at both LC50 and LC90.
At the LC 50 level, emamectin benzoate was the most toxic compound for the 4 th larvae of S. littoralis. The other two toxicants, i.e., chlorpyrifos and chlorfluazuron were 0.21 and 2.82% for the 4 th instar as toxic as emamectin benzoate, respectively.
At LC 90 , chlorpyrifos and chlorfluazuron were 0.17 and 0.44% as toxic as emamectin benzoate respectively. On ground of the number of folds, compared with chlorpyrifos, chlorfcluazuron and emamectin benzoate indicated 13.17, 467.81and 2.60 and 595.62 times as toxic as chlorpyrifos.
Regarding the slope values data given in Table  ( 1) it is clear that a switch in position between chlorfluazuron and emamectin benzoate. Slope values of regression lines revealed that the larvae of S. littoralis were more homogeneity in their susceptibility to the tested toxicants. According to the estimated LC50 and LC90, it could be stated that the fourth instar reflected moderate level of susceptibility towards all the tested insecticides.
Concerning the toxicity of pyrethrins to the larvae of S. littoralis, it was found that the higher concentrations (recommended concentrations 2.2 ml/L, respectively) gave mortality percentage did not exceed 20% after the third day of treatment.
For the joint action at LC25 level Data given in Table ( 2) show the observed percent mortality of tested compounds at LC25 level as well as at the double of the LC25, the observed percent mortality of binary mixtures at levels 1:1, 1:2 and 2:1 and co-toxicity factors (Co. f). Co-toxicity factor was calculated according to Mansour, et al. (1966) .
With referace to the LC25 and LC50 values (Table 2) emamectin benzoate was the most effective insecticide that recorded 30.00%. Meantime, chlorpyrifos and chlorfluazuron appeared to have a moderate effect recording 23.33 and 26.67% mortality, respectively. While, pyrethrins didn't cause any death at the recommended concentration .Data in the same table clearly show that when pyrethrins used at double of the LC25 (i.e. double of the recommended concentration) recorded 13.33% mortality. Co-toxicity factor >20 means potentiation effect. Co-toxicity factor<-20 means antagonistic effect.
Co-toxicity factor ranged between -20:20 means additive effect
Among the 36 binary mixtures strong enough to note that one mixture revealed potentiation (co.f. 28.56), this mixture contains op compound, chlorpyrifos + pyrethrins (2:1). Three cases of additive response, chlorpyrifos + chlorfluazuron (1:2); chlorfluazuron + pyrethrins 1:1 and 2:1. While the rest combinations revealed antagonistic effects and reduced the percent mortality when using them individually. The highest antagonistic effect (-92.31) was recorded when using emamectin benzoate + pyrethrins at level 1:2.
These results are in harmony with those obtained by Abdel-Megeed, et al. (2000) , they revealed that chitin synthesis inhibitors were more potent when applied alone compared to their binary mixtures against the 4th instar larvae of S. littoralis when tested tebufenozide, benzoylphenylurea, chlorfluazuron, flufenoxuron, cutabron (profenofos + chlorfluazuron), Empire 50% [chlorpyrifos+diflubenzuron] and AIMX (profenofos + chlorfluazuron). Shonouda, et al. (2000) tested the joint action of myrrh applied in binary mixtures with chemical insecticide (profenofos, chlorfluazuron, fenvalerate and pyriproxyfen) on larvae of S. littoralis. Results of the bioassay of mixtures indicated antagonistic effects on larval mortality. Khidr, et al. (2003) reported that higher reductions were observed in the number of larvae when chlorpyrifos was used in combination with chitin synthesis inhibitors. Ghoneim, et al. (2012) mentioned that chlorpyrifos when mixed with chlorfluazuron produced additive effect based on co-toxicity factor against 4th instar larvae of S. littoralis. El-Sheikh (2015) illustrated that the combined effect of emamectin benzoate and lufenuron or spinosad was either additive or antagonistic; suggesting that single application of these insecticides is more effective than in combination.
Biochemical responses
Mixtures effects of chlorpyrifos, chlorfluazuron, emamectin benzoate and pyrethrins in at levels 1:1, 1:2 and 2:1of the LC25 on the levels of total soluble protein and total lipids as well as the activities of some enzymes in larval supernatants of 4th instar larvae of S. littoralis are shown in Tables (3 to 6).
The total soluble protein:
Data in Table ( 3) showed the concentration of total soluble protein (TSP) in the larval supernatants of the 4th larval instar of the cotton leafworm, S. littoralis treated with the tested compounds in combinations. Generally, 50% of the treatments increased the total soluble protein levels comparing to control. The highest significant increase (11.271±0.006 mg protein / g body weight) after 1 day of treatment took place in case of emamectin benzoate : pyrethrins mixture at level 1:1 indicating 289.73%, while after 3 days of treatment the highest significant increase, 9.120±0.005 mg protein / g body weight (88.27%), was obtained when using chlorfluazuron : chlorpyrifos at level 1:2. On the other hand, treatment of chlorpyrifos: emamectin benzoate (2:1) and chlorfluazuron: pyrethrins (1:1) recorded the highest significant decrease in the total soluble protein level after one and three days of treatment, respectively. The corresponding reduction percentages of protein level were -84.72 and -55.64%. The total lipids: Data in Table ( 3) show that the mixtures of the tested compounds significantly increased the level of the total lipids throughout the two experimental periods comparing with the control. Obvious increase in the lipid levels took place in case of mixtures chlorfluazuron: chlorpyrifos (1:1) and chlorfluazuron: pyrethrins (1:2) indicating 190.91 and 316.96% after one and three days of treatment, respectively. Mead (2006) reported that the total lipid level in S. littoralis was reduced by treatment with different types of pesticides.
Carbohydrate hydrolyzing enzymes:
Results obtained in Table ( 4) cleared the changes in invertase, trehalase and amylase activity.
Invertase.
Significant reduction in invertase activity was shown after 1 day of treatment. The highest reduction percentage was found in case of chlorfluazuron: chlorpyrifos at level 2:1 recording -88.68%. The picture differed after 3 days, i.e., the treatments were, however, significantly increased the invertase activity and the highest increase percentage took place in case of the mixture chlorfluazuron: emamectin benzoate at level 1:2 indicating 260.78%.
Table 4. Changes in carbohydrases enzymes activities in 4 th larval instars of S. littoralis treated with the tested compound's mixture.
Invertase**** Trehalase**** Amylase**** Treatment 1 day 3 days 1 day 3 days 1 day 3 days Control
Conc.* 0.053±0.004e 0.051±0.004hi 0.053±0.005d 0.070±0.004bc 0.057±0.004cd 0.043±0.004hi SA** 0.040±0.004fg 0.058±0.004gh 0.015±0.004hij 0.049±0.004efg 0.055±0.003cde 0.059±0.004def Chlorflu. + chlorpyr.
( 1:1 
Trehalase.
Most of treatments recorded reduction effects on trehalase activity after 1 and 3 days of treatment compared with the control. The reduction percentages ranged between -7.55 to -97.14% during the times of the experiments.
Amylase.
Smilar to invertase and trehalase, significant reduction in amylase activity was noticed after 1 day of treatment. The highest reduction percentage (-80.70%) was observed in mixture of chlorpyrifos: emamectin benzoate at level 2:1. In contrast, after 3 days, the tested mixtures were, however, increased the amylase activity to 297.67% in case of chlorfluazuron: pyrethrins at level 1:2.
Carbohydrates are the one of main importance source of energy or conversion to lipids or proteins. Carbohydrate hydrolyzing enzymes controlling the carbohydrates metabolism, the increase of these enzymes during the larval stage degrade carbohydrates to glucose for chitin build-up (Wyatt, 1967) , The disturbance of trehalase activity might hamper the supply of glucose needed for chitin build up (Kandy and Killy, 1962; Shakoori et al., 1998; Kheder, 2002 and Younes et al., 2008) .
Threfore, the inhibition of carbohydrate hydrolyzing enzymes might affect the molting process and subsequently may explained the reason of mortality occurred in larvae as illustrated previously in the toxicological experiments. These results agree with previous research who observed marked reduction in the carbohydrate hydrolyzing enzymes specifically amylase and invertase was observed aftr treated 5 th instar larvae of cotton leafworm, S. littoralis (Lepidoptera: Noctuidae) with sub-lethal concentrations of thuringeinsin (beta-exotoxin of B. thuringiensis). (IGRs) in S. littoralis larvae treated with insecticdes were generally decreased than untreated larvae during diffrent tested times ( El-Ghar et al., 1995; Eid, 2002; Mead et al., 2008 and Al-shannaf et al., 2012) Transaminase enzymes.
On ground of the activities of AST enzymes (Table 5) , it is clear that the highest significant increase of the enzyme activity was observed with the mixtures of chlorfluazuron: chlorpyrifos at level 1:1 and chlorfluazuron: pyrethrins (1:2) after one and three days' post treatment, respectively. The respective increase percentages were 113.19 and 125.13. Concerning the activity of ALT enzyme, obvious increase percentages were 118.93 and 245.28 after one and three days of the experiment with the mixtures of chlorpyrifos: pyrethrins at level 2:1 and chlorfluazuron: pyrethrins (1:2), respectively. ALT acts as a catalytic agent in carbohydrates metabolism and also the key enzymes in the formation of non-essential amino acids, in metabolism of nitrogen waste, gluconeogenesis and correlated with protein anabolism and catabolism (Katumuma, et al. 1968; Mordue and Goldsworthy, 1973) .
The increasing ALT and AST activity in haemolymph of larvae, to some extent, in agreement with the reported for several IGRs or insecticides, such as pyriproxyfen, flufenoxuron or teflubenzuron (El-Kordy et al., 1995) , hexaflumuron alone or its binary mixture with chlorpyriphos (Mohamed and Azab, 2002; Zohry, 2006) . The increasing activity of transaminases may be due to the occurrence of reversible binding between the tested compounds and enzymatic site of action on the enzyme surface. Relationships between protein synthesis and transaminase levels were affected by the hormonal control of protein synthesis and neurosecretory hormones which involved in the regulation of transaminase levels (Tanani et al., 2016) Acid and alkaline phosphatase.
Data in Table ( 6) indicated that, the activities of acid phosphatase enzyme was generally reduced at different levels as affected by all treatments than control after 1 day of treatment, but after 3 days of treatment most of insecticides' combination caused an increase of the enzyme at different levels than the orginal level, where chlorfluazuron: emamectin benzoate at level 1:1 gave the highest significant increase of ACP recording 43.897±0.002 µg phenol/ g body weight (194.97%). The same table cleared that the tested mixtures reduced the levels of ALP enzyme's activity after 1 and 3 days. The highest significant reduction percentages were recorded with the mixtures of chlorpyrifos: pyrethrins (2:1) and chlorfluazuron: emamectin benzoate (2:1) indicating -77.45 and -82.60% after one and three days of the experiment, respectively. Also, the inhibition in the activity of both acid and alkaline phosphatases was obtained by Eid (2002) who found great reduction in the activities of them for all tested strains of S. littoralis using chlorpyrifos. In continuity, Abd El-Mageed et al., (2008) mentioned that the change in response to tested biocides in S. littoralis larvae could be associated with the decrease in alkaline phosphatase activity and varied effect in acid phosphates activity. The phenomenon of potentiation presented in this set of experiments could be elucidated to the inhibition of detoxification mechanisms by one of the two toxicants in the mixture and thus spanning high titer of the other component to react with the specific target. Each behavior depends greatly on the permeability of each toxicant via the insect integument as well as the second barrier surrounding the target (e.g. nerve sheath) which is in turn depends greatly on the polarity, stability (rate of degradation), partitioning and storage of the test compounds. Indeed, this explanation could be noticed with compounds which have similar mode of action, with those having independent mode of action.
One expectation that potentiation is due to the level of affinity with the most vital insect component (i.e. enzymes) which in turn depend on the amount of each toxicants in the mixture.
